1) Process noise is maximum when, simultaneously, the holes of the level probe face the nozzle, the dewar pressure is low, the nozzle flow is high, and the liquid level is at the same elevation at which helium from the nozzle impinges on the probe. In this case, signal noise spikes caused by splashing can be greater than 30 percent of the full scale reading.
2) By far, the most important factors correlated with noise is the event of the liquid level corresponding to the elevation at which nozzle flow impinges on the probe, and operating pressure. Presumably, splashing at the liquid surface near the probe causes the sensor wire in the vapor space to superconduct, and lower pressures also promote this. 2) Teflon sheathed probes reduce splashing noise considerably, under both atmospheric and subatmospheric operation. There is little difference in performance between probes having holes pin holes at lcm, 2cm, and 4cm intervals. Signal noise is only slightly increased when the liquid level is at the same elevation at which helium from the nozzle impinges on the probe.
3 ) At the highest fill rate achievable under normal operation (about 2 inches per minute) there is little noticeable effect on the response time of the level probe due to the small pin hole size.
A number of fabrication requirements were developed during these investigations and these are listed below.
1 ) When installing Teflon shrink tube on the probe, all holes in the G-10 body must be fully covered. It was observed that leaving even one 0.23 cm diameter hole exposed allows splashing to affect the probe signal.
2) The pin holes appear sufficient to vent helium within the small diameter probe when the probe is removed from service. In all such removal operations in these tests, however, the probe was less than half submerged at the beginning of removal.
3) Since the coefficient of thermal expansion for the Teflon tube is greater than that for G-10, the pin holes in the Teflon can move off the location of holes in the G-10 when the probe is cooled to liquid helium temperatures. In the case that one end of the Teflon is fixed to the G-10, holes at the other end may not align and liquid will then not effectively communicate with the superconducting wire. If the Teflon adheres tightly to the probe, the Teflon will break on a circumference, potentially fully exposing a G-10 hole. To prevent these failures, the Teflon can be cut circumferentially (at calculated intervals) after it is installed.
Once the Teflon tube sheath was tried, a satisfactory solution to process noise reduction was found, and the probe configuration was not further optimized. A number of design variables remain to be characterized by those investigators so motivated.
1) What influence does the pin hole size have on the process noise, and depending on material used, is the change in this size upon cooling important.
2) What is the influence of the thickness of the Teflon tube (and therefore, the hole length) on the noise and the communication of liquid helium with the superconducting wire.
3) Is there a more suitable sheath material to cover the probe body.
4) Is there a suitable tube material for the probe body that can accommodate the smaller holes and have the appropriate thickness.
5) At what filling or emptying rate does the small hole size effect the response time of the level probe.
